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PREFACE 

The work  r e p o r t e d  h e r e i n  was conduc ted  by the Arno ld  E n g i -  
n e e r i n g  D e v e l o p m e n t  C e n t e r  (AEDC), Ai r  F o r c e  S y s t e m s  C o m m a n d  
(AFSC) for  the  D i r e c t o r a t e  of T e c h n o l o g y  (AEDC) u n d e r  P r o g r a m  
E l e m e n t  65807F. The r e s u l t s  of the  t e s t  w e r e  ob ta ined  by ARO, Inc. 
(a s u b s i d i a r y  of S v e r d r u p  & P a r c e l  and A s s o c i a t e s ,  Inc. ), c o n t r a c t  
o p e r a t o r  of AEDC, AFSC, Arno ld  Ai r  F o r c e  Stat ion,  T e n n e s s e e ,  
u n d e r  ARO P r o j e c t  N u m b e r  R32P-A9A.  The  au tho r s  of th is  r e p o r t  
w e r e  D e l b e r t  T a y l o r  and David A. D u e s t e r h a u s ,  ARO, Inc. The 
data  a n a l y s i s  was c o m p l e t e d  on Apr i l  30, 1976, and the m a n u s c r i p t  
(ARO Cont ro l  No. A R O - E T F - T R - 7 6 - 7 5 )  was s u b m i t t e d  for  pub l i ca -  
t ion on Ju ly  16, 1976. 
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1.0 INTRODUCTION 

A e r o s p a c e  p r o p u l s i o n  g round  t e s t  f a c i l i t i e s  e m p l o y  d i f f u s e r s  
us ing  the  m o m e n t u m  of the  p r o p u l s i o n  s y s t e m  exhaus t  j e t  to in -  
c r e a s e  the  p r e s s u r e  at the  in le t  to the  t e s t  f ac i l i t y  exhaus t  gas  p u m p -  
ing s y s t e m .  This  e f fec t s  an i n c r e a s e  in the p r e s s u r e - s i m u l a t e d  
t e s t  a l t i tude  capab i l i ty  of the  fac i l i ty ,  or  a d e c r e a s e  in the  r e q u i r e d  
c o m p r e s s o r  . p r e s s u r e  r a t i o  and a s s o c i a t e d  power .  The  e f f i c i en t  
d i f fus ion  of a s u p e r s o n i c  j e t  r e q u i r e s  a s u p e r s o n i c  d i f fus ion  s e c t i o n  
having  a m i n i m u m  a r e a  (throat} whose  s i z e  is d e t e r m i n e d  by the  
a e r o t h e r m o d y n a m i c  c h a r a c t e r i s t i c s  of the  je t .  The  s u p e r s o n i c  
s e c t i o n  is fo l lowed  by a s u b s o n i c  d i f f u s e r  having  an exit  d i a m e t e r  
equ iva l en t  to a p p r o x i m a t e l y  tw ice  i ts  in le t  (throat} d i a m e t e r .  S ince  
the je t  c h a r a c t e r i s t i c s  v a r y  with eng ine  power  se t t ing ,  the  t h r o a t  
of the  d i f f u s e r  should ,  for  m a x i m u m  e f f i c i ency ,  a l so  v a r y  with 
power  se t t ing .  T h e r e f o r e ,  a v a r i a b l e - a r e a  d i f f u s e r  was d e v e l o p e d  
fo r  u se  with s u p e r s o n i c  j e t s  (Refs.  1 and 2). The  p e r f o r m a n c e  of 
th is  d i f f u s e r  e x c e e d e d  that  of the  f i x e d - a r e a  d i f f u s e r s  c u r r e n t l y  in 
use. 

The s i z e  and c o m p l e x i t y  of the v a r i a b l e - a r e a  d i f f u s e r  n o r m a l l y  
r e q u i r e d  to m a t c h , s p e c i f i c  e n g i n e s ,  m a k e s  f r e q u e n t  r e p l a c e m e n t  
u n d e s i r a b l e .  T h e r e f o r e ,  it is p ruden t  to equip  each  t e s t  ce l l  with 
a v a r i a b l e - a r e a  d i f f u s e r  s i z e d  to t e s t  the l a r g e s t  eng ine  that  the 
cel l  can a c c o m m o d a t e  and change only the  d i f f u s e r  in le t  as r e q u i r e d  
to m a t c h  the  t e s t  eng ines .  

The m o s t  s e v e r e  p e r f o r m a n c e  r e q u i r e m e n t  for  the  v a r i a b l e - a r e a  
s u p e r s o n i c  d i f f u s e r  o c c u r s  du r ing  t e s t s  of s u b s o n i c  h i g h - b y p a s s - r a t i o  
t u rbo fan  eng ines .  Thus ,  the  i n v e s t i g a t i o n  r e p o r t e d  h e r e i n  e v a l u a t e d  
the  p e r f o r m a n c e  c h a r a c t e r i s t i c s  of the s u p e r s o n i c  v a r i a b l e - a r e a  
d i f f u s e r  with a m o d e l  of a T F - 3 9  eng ine ,  a h i g h - b y p a s s - r a t i o  t u r b o f a n  
eng ine ,  whose  exhaus t  je t  is subson ic .  

2.0 APPARATUS 

2.1 TEST CELL AND ENGINE INSTALLATION 

The test cell with the model TF-39 engine installed is shown in 
Fig. I. The test cell was comprised of two sections of 20-in. -diam 
duct, 39 and 43. 75 in. long, for a total test cell length of 82.75 in. 
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The  u p s t r e a m  end of the t e s t  ce l l  was s e a l e d  with  a f la t  p la te  w e l d e d  
to a 10- in .  - d i a m  s e c t i o n  tha t  s u p p o r t e d  the 10-in.  in le t  duc t  f r o m  
the  E T F  a i r  supp ly  plant .  The  d o w n s t r e a m  end of the  t e s t  ce l l  was  
a l so  s e a l e d  with a f la t  p la te  wh ich  s u p p o r t e d  the v a r i o u s  d i f f u s e r  
i n s t a l l a t i o n s .  The  t e s t  ce l l  was  d e s i g n e d  to be a 1 / 1 0 t h - s c a l e  m o d e l  
of the  P r o p u l s i o n  D e v e l o p m e n t  T e s t  Cel l  ( J - l ) .  A 1 / 1 0 t h - s c a l e  
s i m u l a t o r  of the  T F - 3 9  eng ine  ( shown in Fig.  2) was  m o u n t e d  c o n c e n -  
t r i c  wi th  the  t e s t  ce l l  and s e c u r e d  to the u p p e r  t e s t  ce l l  wal l .  The  
eng ine  in le t  was  c o n n e c t e d  to the  10- in .  a i r  supp ly  duct  and s e a l e d  to 
p r e v e n t  any l e a k a g e  into the  t e s t  ce l l .  The  fan  exi t  d i a m e t e r  is 
9 .5  in. 

2.2 DIFFUSER CONFIGURATIONS 

F i v e  d i f f u s e r  c o n f i g u r a t i o n s ,  fou r  of wh ich  w e r e  of the  v a r i a b l e -  
a r e a  de s ign ,  w e r e  e x p e r i m e n t a l l y  eva lua t ed .  The  p e r t i n e n t  d i m e n -  
s i o n s  of e a c h  6on f igu ra t i on  a r e  s u m m a r i z e d  in T a b l e  1. 

2.2.1 Configurations 1, 2, and 3 

D i f f u s e r  c o n f i g u r a t i o n s  1, 2, and 3 have  t h r o a t  d i a m e t e r s  0. 966 
t i m e s  the  eng ine  fan exi t  d i a m e t e r .  The  t h r o a t  d i a m e t e r  (D d) was  
d e t e r m i n e d  f r o m  the  e x p e r i m e n t s  p e r f o r m e d  in Ref.  3. C o n f i g u r a t i o n  
1 (dep ic ted  in F ig .  3) c o n s i s t e d  of a c o n v e r g i n g  con ica l  in le t ,  a con -  
s t an t  d i a m e t e r  t h r o a t  s e c t i o n ,  and a c o n i c a l  exi t  s e c t i o n  which  con-  
t a i n e d  a t r a n s l a t i n g  plug fo r  v a r y i n g  the t h r o a t  a r e a .  The  to t a l  
d i f f u s e r  l eng th  to fan d i a m e t e r  r a t i o  was  5 .06 .  T h e  con i ca l  d i f f u s e r  
c e n t e r b o d y  was  m o u n t e d  c o n c e n t r i c  with the d i f f u s e r  duc t ing .  The  
d i f f u s e r  e x h a u s t e d  into the  24- in .  - d i a m  e x h a u s t  duct  which  was  
c o n n e c t e d  to the  E T F  e x h a u s t  p lant .  The  d i s t a n c e  f r o m  the  d i f f u s e r  
in le t  p lane  to the  r e a r  of the eng ine  plug (X) ( see  F ig .  1) was 
0. 738 fan  d i a m e t e r s .  The  in le t  to the  d i f f u s e r  is  r e q u i r e d  to 
e f f i c i e n t l y  c a p t u r e  the  eng ine  flow to p r e v e n t  r e c i r c u l a t i o n  of the 
exhaus t  g a s e s  into the  t e s t  ce l l .  

C o n f i g u r a t i o n  2 d i f f e r e d  f r o m  c o n f i g u r a t i o n  1 in tha t  the  c e n t e r -  
body b a s e  d i a m e t e r  was i n c r e a s e d  f r o m  8 in. to 9 .2  in. by the  
add i t i on  of a s h o r t  e x t e n s i o n .  

C o n f i g u r a t i o n  3 was d e r i v e d  f r o m  c o n f i g u r a t i o n  2 by r e m o v i n g  
the 1 6 - i n . - l o n g ,  9 . 2 - i n . - d i a m  c y l i n d r i c a l  s e c t i o n .  Thus ,  the 
c o n v e r g i n g  in le t  a t t a c h e d  to the d i v e r g i n g  exi t  r e s u l t e d  in a to ta l  
d i f f u s e r  l e n g t h - t o - f a n  d i a m e t e r  r a t i o  (L /Dfe )  of only 3 .38 ,  the  
s h o r t e s t  c o n f i g u r a t i o n  t e s t e d .  
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2.2.2 Configuration 4 

V a r i a b l e - a r e a  d i f f u s e r  c o n f i g u r a t i o n  4 is  d e p i c t e d  in  F i g .  4. 
T h e  c o n f i g u r a t i o n  c o n s i s t e d  of a 3 0 - d e g  c o n i c a l  i n l e t ,  a c o n s t a n t  
d i a m e t e r  t h r o a t  s e c t i o n ,  a 7 . 3 3 - d e g  h a l f - a n g l e  e x i t  c o n e ,  and  a 
t r a v e r s i n g  c o n i c a l  p lug .  T h e  c o n s t a n t  d i a m e t e r  i n l e t ,  c o n s t r u c t e d  
f r o m  s t a n d a r d  p i p e ,  w a s  t e s t e d  to  d e t e r m i n e  t h e  e f f e c t  of i n c r e a s i n g  
t h e  t h r o a t  a r e a  o n  d i f f u s e r  p e r f o r m a n c e .  T h e  t h r o a t  d i a m e t e r  i s  
1 . 0 9  t i m e s  t h e  e n g i n e  f a n  e x i t  d i a m e t e r .  T h e  c e n t e r b o d y  u s e d  in  
c o n f i g u r a t i o n  2 w a s  m o d i f i e d  by  i n c r e a s i n g  t h e  b a s e  d i a m e t e r  t o  
1 0 . 0  in .  T h e  t o t a l  l e n g t h  of c o n f i g u r a t i o n  4 is  4 . 4 4  e n g i n e  f a n  
e x i t  d i a m e t e r s .  T h e  d i s t a n c e  f r o m  t h e  e n g i n e  p l u g  to  t h e  i n l e t  
p l a n e  (X) i s  0 . 5 8  f a n  d i a m e t e r s .  

2.2.3 Configuration 5 

The cylindrical diffuser, configuration 5 (shown in Fig. 5) 
was used for initial checkout of the test cell and engine installa- 
tion. The i0.4-in. -diam duct was fabricated from standard pipe 
with a 30-deg conical inlet and a total length of 5.25 fan diameters. 
The diffuser inlet plane location (X} was 0.58 fan diameters down- 

stream of the engine plug. 

2.3 INSTRUMENTATION 

A t e m p e r a t u r e  and  an  i n l e t  t o t a l  p r e s s u r e  r a k e  w e r e  i n s t a l l e d  
in  t h e  1 0 - i n .  i n l e t  d u c t i n g  ( s e e  F i g .  1). T h e  i n l e t  t o t a l  p r e s s u r e  
p r o b e  a r r a n g e m e n t  is  d e p i c t e d  in  F i g .  6. T h e  i n l e t  t o t a l  p r e s s u r e  
and  t e m p e r a t u r e  d a t a  w e r e  u s e d  to  s e t  t e s t  c o n d i t i o n s  w h i c h  w e r e  
e s s e n t i a l l y  i d e n t i c a l  f o r  e a c h  t e s t .  T h e  t e s t  c e l l  p r e s s u r e  w a s  
m e a s u r e d  at  t h e  f o u r  s t a t i o n s  and  a n g u l a r  l o c a t i o n s  s h o w n  in  F i g .  7. 
T h e  e x h a u s t  p r e s s u r e  w a s  m e a s u r e d  in t h e  e x h a u s t  d u c t i n g  as  s h o w n  
in F i g .  1. T h e  e n g i n e  s u r f a c e  p r e s s u r e  o r i f i c e  l o c a t i o n s  a r e  
d e p i c t e d  in F i g s .  8 and  9, and  t h e  f a n  e x i t  t o t a l  p r e s s u r e  p r o b e  
l o c a t i o n  is  s h o w n  in F i g .  2. 

3.0 PROCEDURE 

3.1 GENERAL 

T e s t s  of e a c h  d i f f u s e r  c o n f i g u r a t i o n  w e r e  i n i t i a t e d  by e v a c u a t -  
ing  t h e  t e s t  c e l l  and  c o n d u c t i n g  a v a c u u m  p r e s s u r e  c h e c k .  A ~ e r  
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an a i r - t i g h t  i n s t a l l a t i o n  was v e r i f i e d ,  the  a i r  supply  i s o l a t i o n  v a l v e s  
w e r e  opened  to e s t a b l i s h  a i r f low at the  d e s i r e d  p r e s s u r e  and t e m p e r a -  
t u r e  cond i t ions  u p s t r e a m  of the  m o d e l  eng ine .  The  s i m u l a t e d  eng ine  
cond i t ions  w e r e  de f ined  f r o m  the  m o d e l  eng ine  c a l i b r a t i o n  (Ref. 4) 
and by the  ac tua l  T F - 3 9  eng ine  t e s t s .  The  exhaus t  p r e s s u r e  was then  
a d j u s t e d  to s i m u l a t e  the  t e s t  ce l l  p r e s s u r e .  A s u m m a r y  of the  t e s t  
cond i t ions  is g iven  in Tab le  2. Once s t e a d y - s t a t e  cond i t ions  w e r e  
e s t a b l i s h e d ,  the  da ta  s y s t e m s  w e r e  s e q u e n c e d  to r e c o r d  the  data.  
S ignals  f r o m  p r e s s u r e  and t e m p e r a t u r e  s e n s o r s  w e r e  r e c o r d e d  on 
m a g n e t i c  tape  fo r  l a t e r  c o m p u t e r  r e d u c t i o n  to e n g i n e e r i n g  uni ts .  
E a c h  p r e s s u r e  p robe  was c o n n e c t e d  to a p r e s s u r e  t r a n s d u c e r  us ing  
a 1 2 - e l e m e n t  s c a n n e r  va lve .  The  p r e s s u r e  t r a n s d u c e r s  w e r e  c a l i -  
b r a t e d  b e f o r e  and a f t e r  each  t e s t  by i m p r e s s i n g  s e v e r a l  known p r e s -  
s u r e s ,  m e a s u r e d  with a s e c o n d a r y  s t a n d a r d ,  on each  t r a n s d u c e r .  

3.2 DATA MEASUREMENT UNCERTAINTY 

The uncertainty of the data measurement was calculated using 
a confidence level of 95 percent by the procedure defined in Ref. 5. 
The uncertainty for all the pressure parameters is +0.6 percent 
of the reading. The uncertainty in pressure ratio is 10.85 percent 
of the value. The uncertainty value contains the errors from the 
transducer and the electrical data recording and data processing 
systems. 

4.0 RESULTS AND DISCUSSION 

4.1 DIFFUSER CONFIGURATIONS 1, 2, AND 3 

D i f f u s e r  p e r f o r m a n c e  is  m e a s u r e d  by the  s t a t i c  p r e s s u r e  
r i s e  f r o m  the  in le t  to the  exi t  of the  d i f f u s e r  ( P e x / P c ) .  The  
d i f f u s e r  p e r f o r m a n c e  is p r e s e n t e d  h e r e i n  v e r s u s  the  fan exi t  
p r e s s u r e  r a t i o  ( P t f e / P c  ) which  is i nd i ca t i ve  of the  eng ine  power  
se t t ing .  C o n f ig u ra t i ons  1, 2, and 3 a r e  s m a l l  v a r i a t i o n s  of the  
b a s i c  0. 966 D d / D f e  d i f f u s e r  c o n f i g u r a t i o n  and thus  have  s i m i l a r  
p e r f o r m a n c e  as shown in Fig.  10. The  p r e s s u r e  r i s e  r a t i o  of 
con f igu ra t i on  1 e x c e e d e d  that  of c o n f i g u r a t i o n s  2 and 3 by a m a x i -  
m u m  of 2 p e r c e n t .  The  p e r f o r m a n c e  of a conven t iona l  s u b s o n i c  
d i f f u s e r  (5 -deg  h a l f - a n g l e ,  a r e a  r a t i o  4, D d : 9 .6  in. ) f r o m  
Ref. 3, d e p i c t e d  by the  d a s h e d  l i n e  in Fig.  10, e x c e e d e d  that  of 

8 
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c o n f i g u r a t i o n s  1, 2, and 3 by a p p r o x i m a t e l y  6 p e r c e n t .  The  p o o r e r  
p e r f o r m a n c e  of c o n f i g u r a t i o n s  1, 2, and 3 p r o b a b l y  r e s u l t s  f r o m  
a s l i g h t l y  l a r g e r  c o n t r a c t i o n  l o s s  a s s o c i a t e d  with  the  9 . 2 - i n .  - d i a m  
in le t .  

The  ef fec t  of d e c r e a s i n g  the m i n i m u m  a r e a  of c o n f i g u r a t i o n  2 
by mov ing  the con ica l  c e n t e r b o d y  t oward  the d i f f u s e r  in le t  is  
shown in Fig.  11. A 2 - in .  m o v e m e n t  of the  c e n t e r b o d y ,  c a u s i n g  
a 3 . 2 6 - p e r c e n t  d e c r e a s e  in d i f f u s e r  m i n i m u m  a r e a ,  r e s u l t e d  in 
a p p r o x i m a t e l y  a 4 - p e r c e n t  d e c r e a s e  in p r e s s u r e  r i s e  r a t i o  
(Pex/._Pc}. S ince  the func t ion  of the  d i f f u s e r  is  to m a x i m i z e  
P e x / P c  for  a l l  t e s t  cond i t ions ,  the  c e n t e r b o d y  should  not be moved  
into the d i f f u s e r  t h r o a t  fo r  the s u b s o n i c  t e s t  cond i t ions .  

4.2 DIFFUSER CONFIGURATIONS 4 AND 5 

The p r e s s u r e  r i s e  r a t i o  ( P e x / P c )  fo r  c o n f i g u r a t i o n s  4 and 5 
is  p r e s e n t e d  in Fig.  12. The  s t a t i c  p r e s s u r e  r i s e  r a t i o  of the  
v a r i a b l e - a r e a  d i f f u s e r  ( con f igu ra t i on  4) at P t f e / P c  of 2 .33  e x c e e d e d  
tha t  of the  c y l i n d r i c a l  d i f f u s e r  ( con f igu ra t i on  5) by a p p r o x i m a t e l y  
7 p e r c e n t  and a l so  e x c e e d e d  tha t  of the  conven t iona l  d i f f u s e r  of 
Ref.  3 at v a l u e s  of fan  n o z z l e  p r e s s u r e  r a t i o  g r e a t e r  t han  1 .6 .  
The s u p e r i o r  p e r f o r m a n c e  of c o n f i g u r a t i o n  4 i s  a t t r i b u t e d  to i t s  
l a r g e r  d i f f u s e r  in le t  d i a m e t e r  which  r e s u l t e d  in  a s m a l l e r  flow 
c o n t r a c t i o n  l o s s .  

The effect of moving the conical center body toward the diffuser 
inlet is shown in Fig. 13. A 3-in. movement of the centerbody 
from y = i. 8 to 4.8, causing a 4.92-percent decrease in diffuser 
minimum area, resulted in a 3-percent decrease in the pressure 
rise. Further movement of the centerbody (Y > 8.8 in. ) caused 
further decreases in diffuser performance until eventually the 
inlet static pressure, and thus test cell ambient pressure, began 
to increase. The maximum performance of the diffuser occurred 
when the conical centerbody was moved completely out of the 
cylindrical section (Y = -i. 2 in. ). The same effect was seen for 
configuration 2 (Fig. ii). Thus, while the moveable centerbody 
is needed to maximize the diffuser performance for supersonic 
operation (Ref. 2) it is a detriment for subsonic operation unless 
positioned such that Y < 0. 
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4.3 
o 

EFFECT OF DIFFUSERS ON TEST CELL, CORE ENGINE COWL, 
AND EXHAUST NOZZLE PLUG SURFACE PRESSURES 

The axia l  v a r i a t i o n  of the  t e s t  ce l l  s t a t i c  p r e s s u r e  is shown in Fig.  
14. The  c i r c u m f e r e n t i a l  v a r i a t i o n  of the  ce l l  p r e s s u r e  at each  axial  
l o c a t i o n  ( see  Fig.  7) was wi th in  the  s y m b o l  s i z e  shown in Fig.  14 and, 
t h e r e f o r e ,  is not p r e s e n t e d .  Al though  the  ax ia l  d i s t r i b u t i o n  of the  ce l l  
p r e s s u r e  is  a func t ion  of P t f e / P c ,  it is i n d e p e n d e n t  of the  d i f f u s e r  
c o n f i g u r a t i o n  and a g r e e s  wel l  with the  da ta  f r o m  Ref. 3. 

The  p r e s s u r e s  m e a s u r e d  on the  eng ine  s i m u l a t o r  a r e  p r e s e n t e d  in 
Fig.  15 for  v a r i o u s  v a l u e s  of Ptf / P c .  The  c h a r a c t e r i s t i c  shape  of 
the  l i n e s  dep i c t i ng  the  da ta  of Re~. 3 in F igs .  15a, b, and c was t aken  
f r o m  Ref. 4 and is the  r e s u l t  of a l t e r n a t e  e x p a n s i o n  and c o m p r e s s i o n  
waves  in the  fan exhaus t  flow at_ v a l u e s  of Pt fe  / Pc g r e a t e r  than  about 
1.9.  Sl ight  v a r i a t i o n  in P t f e / P c  can  cause  an a p p r e c i a b l e  v a r i a t i o n  in 
the  l o c a t i o n  of the  wave  i m p i n g e m e n t  point  on the  cowl s u r f a c e .  Thus ,  
it is not s u r p r i s i n g  to e n c o u n t e r  s o m e  da ta  s c a t t e r  n e a r  the  fan exi t  
s t a t ion .  F u r t h e r  d o w n s t r e a m ,  p a r t i c u l a r l y  on the  exhaus t  n o z z l e  plug, 
the  p r e s s u r e s  a r e  i n d e p e n d e n t  of the d i f f u s e r  con f igu ra t i on  for  al l  
cond i t ions  i n v e s t i g a t e d .  

5.0 SUMMARY OF RESULTS 

The r e s u l t s  of the  e x p e r i m e n t a l  s tudy to d e t e r m i n e  the  p e r f o r m -  
ance  of v a r i a b l e - a r e a  d i f f u s e r s  for  t e s t  ce l l s  with h i g h - b y p a s s - r a t i o  
s u b s o n i c  t u r b o f a n  e n g i n e s  a r e :  

. The  p r e s s u r e  r i s e  r a t i o  ob ta ined  with the  v a r i a b l e - a r e a  d i f fu se r ,  
which  had a t h r o a t  d i a m e t e r  1. 092 t i m e s  the  eng ine  fan d i a m e t e r  
( con f igu ra t ion  4), e x c e e d e d  that  of the  o t h e r  c o n f i g u r a t i o n s  having  
t h r o a t  d i a m e t e r  0. 966 t i m e s  the  eng ine  fan d i a m e t e r  and of the  
conven t iona l  5 - d e g  h a l f - a n g l e  s u b s o n i c  d i f f u s e r  u s e d  in Ref. 3. 

. The  m a x i m u m  va lue  of the  p r e s s u r e  r i s e  r a t i o  fo r  the v a r i a b l e -  
a r e a  d i f f u s e r  c o n f i g u r a t i o n s  o c c u r r e d  with the  apex  of the  
c e n t e r b o d y  p o s i t i o n e d  d o w n s t r e a m  of the  p lane  of the  d i v e r g i n g  
d i f f u s e r  in le t  so that  no c o n s t r i c t i o n  o c c u r r e d  in the  c o n s t a n t -  
a r e a  p o r t i o n  of the  d i f f u s e r s .  

l0 
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3. The v a r i a b l e - a r e a  d i f f u s e r s  did not a f fec t  the  eng ine  s u r f a c e  
p r e s s u r e  d i s t r i b u t i o n .  
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Figure 6. Inlet total pressure probe. 
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Figure 10. Performance of variable~rea diffuser configurations 
1, 2, and 3. 
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Figure 11. Effect of centerbody position on diffuser 
configuration 2. 
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Figure 12. Performance of diffuser configurations 4 and 5. 
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Figure 13. Effect of centerbody position on diffuser 
configuration 4. 
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0 5 10 15 20  25  
A x i a l  L o c a t i o n ,  Xcm i n .  

Axial variation of test cell pressure. 
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AE DC-T R-76-126 

Table 1. Summary of the Diffuser Configurations Studied 

Configurat ion 
Number  Type D d / Dfe 

1 

2 

3 

4 

5 

Centerbody 
Base  D i a m e t e r ,  in. L /Dfe  

Var iab le  A r e a  0. 966 8. ff 5.06 

Var iab le  A r e a  0. 966 9.2 5.06 

Var iab le  A r e a  0. 966 9.2 3 .38 

Var iab le  A r e a  1. 090 10.0 4 .44 

Cyl indr ica l  1. 090 None 5.25 

Table 2. 

P t f e / P c  

2 .34 

2.02 

1.62 

1.48 

2 .20 

Test Conditions for Diffuser Studies 

Pc '  Pti ,  Tti,  
ps ia  ps ia  °F 

3.28 7.85 100 to 110 

3.28 6.85 100 to 110 

3.28 5.50 100 to 110 

3 . 2 8  4 . 9 8  100 to 110 

6.30 14.13 100 to 110 
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AEDC-TR-76-126 

NOMENCLATURE 

Diamete r ,  in. 

Diffuser  length,  in. 

Static p r e s s u r e ,  ps ia  

Average of all t es t  cell  s t a t i c  p r e s s u r e  m e a s u r e -  
ments ,  ps ia  (see Fig. 7) 

Average  tes t  cell  s ta t ic  p r e s s u r e  at a given s ta t ion,  
ps ia  (see Fig. 7) 

Tota l  p r e s s u r e ,  ps ia  

Tota l  t e m p e r a t u r e ,  °F 

Dif fuser  inlet  plane locat ion ,  in. (see Fig. 1) 

Tes t  cell  s ta t ion ,  in. (see Fig.  7) 

Centerbody posi t ion,  in. (see Figs .  3 and 4) 

Tes t  cel l  

Minimum di f fuser  duct d i a m e t e r  

Exhaust  

Fan  exit 

Inlet 

Engine su r face  

Tes t  cel l  s ta t ion  
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